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Abstract
Study into commodity investment has historically been an underfocused area
of the financial literature. In particular, there is a need for benchmarks to
evaluate commodity investment managers to measure skill. This paper seeks to
extend and replicate results on the four-factor model and benchmark proposed
by Blocher et al. to more recent data and to more commodities. Our findings
indicate that recent data illuminates the volatility associated with time series
momentum strategies.
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1 Introduction
Futures contracts involve agreeing to terms of a contract, which are then exe-
cuted at a later time. In particular, futures contracts are not only interesting as
financial instruments in their own right, but also because they are the primary
way in which commodities are traded in the modern era. Futures contracts on
commodities take a step beyond the role of serving as a proxy for a commodity,
taking the place of the commodity itself in many transactions.
Commodity futures contracts have an associated term structure and in-
dustry properties. This yields two fundamental ways in which contracts vary
from one another – by maturity, and by the characteristics of the underlying
assets. These two sources of variation cause time variation in commodity risk
premia. Futures contracts have a long history that dates back to at least Keynes
(1929) and Kaldor (1939). Kaldor’s theory of storage, which was then refined
by Working (1949) and Brennan (1958) all indicate that the inventory supply
of a commodity determines the risk premium associated with it. The theory
of storage states that the owners of the inventory of a commodity get benefits,
or a ‘convenience yield’ associated with holding the commodity. These benefits
tend to increase as inventory decreases, and the spot price becomes less than
the futures price.
The other set of historical theory follows Keynes and Hick’ theory of nor-
mal backwardation. Commodity hedgers enter into short positions in order
to ensure price stability for their goods. The theory of normal backwardation
states that commodity hedgers are willing to accept a negative profit because
of the risk-reduction benefits they garner, whereas speculators will only trade
if their average expected profit is positive. This leads to ‘discounted’ futures
prices, and the size of the discount is the risk premium.
Normal backwardation thus indicates a market condition where the price
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of a commodities’ futures contract trades below the spot price at the maturity
of the contract. When the commodities futures prices trades above the future
spot price, the situation is labeled as ‘contango’. In reality these are expected
prices, but, the expected future spot price is unknown and practitioners equate
backwardation with ‘positive basis’ and contango with ‘negative basis.’
The question of how to appropriately integrate commodities into a portfo-
lio of well-diversified investments still remains. Gorton and Rouwenhorst (2006)
argue that the best measure is an equal-weighted index of commodity futures.
However, this method has achieved negative returns for a lot of its history. Other
papers in the literature (Fung and Hsieh 1997, Fung and Hsieh 2000, Bhardwaj,
Gorton and Rouwenhorst 2014) examine Commodity Trading Advisors (CTAs),
which invest across asset classes. Only 19% of them invest exclusively in com-
modities. Unfortunately, there is no benchmark in the literature to evaluate
managers with respect to commodity investments. This paper seeks to evaluate
the four-factor model proposed in “Benchmarking Commodity Investments”,
which seeks to provide an optimal mechanism to benchmark active managers.
2 Overview of Benchmarking Commodity Invest-
ments
There is a literature discussing factors that summarize sources of average return
in commodity futures data. Blocher, Cooper, and Molyboga (Benchmarking
Investments), follow the approach of Szymanowska et al. (2014) and use multiple
term premium factors to capture the futures basis. However, they use two
factors, as opposed to the six proposed in Szymanowska. They also add a market
factor, which is an equal-weighted portfolio of all commodity futures, and a
time series momentum factor. They also examine monthly time series data of
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commodity futures returns, as opposed to Szymanowska et al. (2014) who utilize
bimonthly returns, with holding periods up to eight months. Blocher, Cooper,
and Molyboga use a dataset of 21 commodity futures that include “Soybean Oil,
Corn, Cocoa, Light Crude Oil, Cotton, Gold, Copper, NY Harbor ULSD¡ Coffee,
Lumber, Hogs, Oats, Orange Juice, Soy Beans, Silver, Soy Meal, Wheat, Feeder
Cattle, Live Cattle, Gasoline RBOB, and Rough Rice for the period between
September 1987 and December 2014. In constructing their factors, Blocher et al
follow convention in the literature, and define a ‘spot contract’ as the contract
nearest to expiration amongst the contracts expiring at least 2 months from
the current month. This method avoids short-term liquidity problems, which
can skew the prices for shorter-maturity contracts. The 2-month, 4-month, and
6-month contracts are then defined relative to this spot contract; the 2-month
contract is the nearest to expiration contract at least 2 months away from the
spot contract, the 4-month contract is the nearest to expiration contract at least
4 months away from the spot contract, etc.
We define the ’spot premium’ the logarithm of the ratio of spot prices
between periods:
θspot = ln[s(t)]− ln[s(t− 1)] (1)
Note that the spot prices here are the prices associated with the spot
contract, as opposed to the actual spot prices of the commodity.
Realized returns on the proper futures contracts themselves can be written
as:
rf = ln[f
n−1(t)]− ln[fn(t− 1)] (2)
where the maturity changes from n to n-1 as time passes from t-1 to t.
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We can also define the n-month basis as the ratio of the n-month futures
price to the current spot (contract) price:
yni (t) = ln
(
fn(t)
s(t)
)
(3)
We can then define the realized term premia as the change in this quantity
over a period, as the maturity changes from n+1 to n and the time changes from
t-1 to t
θterm = y
n
i (t)− yn+1i (t− 1) = ln
(
fn(t)
s(t)
)
− ln
(
fn+1(t− 1)
s(t− 1)
)
(4)
This corresponds to the return associated with a calendar spread, where
you long the longest maturity contract and short the shortest maturity contract.
If we add expectations, we can show that the spot and term premia com-
prise a full decomposition of the expected returns.
First, we can ex[ress] the futures price as the sum of the spot price and
basis.
ln(s(t)) + yni (t) = ln(f
n(t)) (5)
Peeling an increment off the maturity and adding one to the time index
yields:
ln(s(t+ 1)) + yn−1i (t+ 1) = ln(f
n−1(t+ 1)) (6)
Using equation 2 and moving the time index forward one step:
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E [rf ] = E
[
ln
(
fn−1(t+ 1)
)− ln (fn(t))]
= E
[
ln(s(t+ 1)) + yn−1i (t+ 1)− ln(s(t))− yni (t)
]
= E
[
(ln(s(t+ 1))− ln(s(t))) + (yn−1i (t+ 1)− yni (t))]
(7)
The two terms in the parentheses thus correspond to the expected spot
and term premia.
E [rf ] = θspot + θterm (8)
Now with the spot and term premia formulated, we can move to factor
construction.
Blocher et al. chose 4 factors for their model: a market factor, a time
series momentum factor, and an High-term and Low-term factor. The first
two factors are designed to explain spot premia, whereas the latter two are
designed to explain term premia. They contend that this is an advancement
over Szymanowska et al. in that they only require 2 factors to explain all term
premia, instead of the 6 factors in Szymanowska et al. that spanned across
2-month, 4-month, and 6-month maturities.
We are consistent with Blocher et al. and define the market factor as an
equally weighted average of all commodities one period spot return, which is to
say, return on the spot contract.
MKT =
1
N
N∑
i=1
θ(t)spot,i (9)
We define time series momentum as the sum of two portfolios: one equally
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weighted portfolio of commodities with positive 12-month trailing returns, and
a short position in an equally weighted portfolio of commodities with negative
12-month trailing returns.
TSMOM(t) =
1
Npos(t)
∑
i∈Pt
θspot,i(t)− 1
Nneg(t)
∑
j∈Nt
θspot,j(t) (10)
P and N correspond to the sets of commodities with positive twelve month
trailing return and negative twelve month trailing returns, respectively. Npos
and Nneg are the number of commodities present in those sets.
Note that the number of commodities (and the commodities themselves)
in each basket is time-dependent, and the weighting amongst the commodities is
done within each basket. This differs from cross-sectional momentum measures,
in that the number of commodities in each basket may significantly differ at any
given point in time.
For the HTerm and LTerm factors, we are consistent with Blocher et al.
The Hterm factor is defined as the average of the 2-month, 4-month, and 6-
month realized term premia for all the commodities in the above-median basis
basket. The Lterm factor is equivalently defined for the commodities in the
low-median basis basket. The factors are defined as:
Hterm =
1
Ng
∑
i∈H
1
3
∑
θterm,j(t) (11)
Lterm =
1
Ng
∑
i∈L
1
3
∑
θterm,j(t) (12)
Ng is the number of commodities in each basket. Given that the number
of commodities in our set is 23 (2 more than Blocher et al.), Ng is equal for
both factors and is 11. H and L correspond to the sets of commodities with
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above-median and below-median basis, respectively.
To clarify, the sorting mechanism is as follows: we sort the commodities
by basis and divide them by the median-basis into two sets. Then we create
an equally weighted portfolio across maturity for each commodity (2-month,
4-month, 6-month). The sum of all these equal-maturity weighted portfolios
for the above-median basis commodities corresponds to the Hterm factor, and
the sum of the equal-maturity weighted portfolios for the below-median basis
commodities corresponds to the Lterm factor. This would correspond to taking
the equally weighted sum of calendar-spread returns of all maturities for each
above-median and below-median basis commodity.
For our Hterm and Lterm factors, we chose the shortest-to-maturity basis
as the quantity for our sort, which in this case, is the 2-month basis. This is
a point of ambiguity in Blocher et al. but it is suggested that they utilize the
shortest-to-maturity basis as well.
3 Process & Evaluation
Replication is a difficult process and is an issue in this literature. Reproduc-
tion of results can be highly sensitive to a number of things, including certain
correction factors and the dataset of choice. In order to begin the process of
replication, I used data sourced from Quandl, as opposed to Blocher et al., which
utilized data from Commodity Systems Inc.
I extend the time-series data by Blocher, Cooper and Molyboga from 2014
to the latest data until February 2017. I also add the industrial metals Platinum
and Palladium, and produce summary statistics for the factor returns on the
new data. I have also added average returns and average basis statistics by
commodity for each maturity contract.
In our findings, all the factors but the Hterm factor perform better than in
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Figure 1: This is the value of a dollar compounded forward for each factor.”
BM. Our Hterm factor has a negative monthly return, whereas BM’s is positive.
The Lterm factor performs significantly better in our findings with 0.4% point
spread, and the standard deviation spread is also 0.4%.
We have also provided summary statistics on returns and basis across
commodities in the appendix.
If we look at the cumulative returns of the factors, a striking feature is the
massive drop in value in late 2016 to early 2017 for time series momentum. This
reversion may be due to overcrowding in the strategy. The effect was not evident
in the work done by Bloch et al., as their data only extended till December 2014.
This illustrates the volatility associated with time series momentum; while it
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can be a profitable strategy, it is also quite risky.
If we look at the frequency that the commodities appear in the H-term
and L-term factors, we see that agricultural commodities are generally biased
towards exhibiting systematic positive basis. The frequency for the agricultural
commodities is larger for all of agriculture with the exception of feeder cattle,
lean hogs, and live cattle, and soybean meal. These first three comprise live-
stock, which can be thought of as a specific subset of agriculture with different
properties compared to the other products. Soybean meal, on the other hand, is
primarily used as animal feed, so it is economically linked to livestock demand.
The metals, on the other hand, seem to systematically fall in the low-basis group,
with the exception of silver. This is consistent with the cost-of-carry model, as
silver requires an unusually large amount of storage space for its price, which
makes it more likely to have a consistently larger basis compared to the other
commodities.
4 Conclusion
Ultimately, our results indicate the factors proposed in Bloch et al. are robust
and perform well, but the exact cross correlations could not be replicated. There
might be differences in the free data offered by Quandl and the data from CSI
used by Bloch et al. A rules-based smart-beta product can be constructed
from the factors proposed in Bloch et al. and restated here, but validity tests
are necessary, and economic intuition should be a priority when investment
decisions are made. Attention to the market regime is key, as the reversion
of time series momentum would have resulted in a large loss of wealth to any
investors exposing themselves to this strategy in 2016. There should be a greater
focus on testing robustness and replication in this literature, especially when
trying to do work with important applications in industry.
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Table 1: Our Factor Returns
Factor Monthly Excess Return Std Dev Sharpe Ratio
Market -0.0472% 3.33% -0.014
TS Momentum 1.002% 4.672% 0.214
High-Term -0.597% 0.87% -0.69
Low-Term 0.627% 1.013% 0.62
Table 2: Benchmarking Factor Returns
Factor Monthly Excess Return Std Dev Sharpe Ratio
Market -0.19% 3.46% -0.054
TS Momentum 0.86% 4.39% 0.196
High-Term 0.13% 0.73% 0.18
Low-Term 0.21% 0.63% 0.33
Table 3: Benchmarking Cross Correlations
Factor Market TS Momentum High-Term Low-Term
Market 1.00 0.2 -0.19 -0.36
TS Momentum 1.00 -0.19 0.08
High-Term 1.00 0.11
Low-Term 1.00
Table 4: Our Cross Correlations
Factor Market TS Momentum High-Term Low-Term
Market 1.00 0.08 -0.13 -0.05
TS Momentum 1.00 -0.03 -0.09
High-Term 1.00 0.02
Low-Term 1.00
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Table 5: Frequency in Low-Term And High-Term Factors
Class Commodity L-term H-term
Agriculture Corn 83 310
Cocoa 137 238
Coffee 96 295
Cotton 151 234
Feeder Cattle 247 131
Lean Hogs 204 189
Live Cattle 213 181
Lumber 150 240
Oats 130 264
Orange Juice 189 197
Rough Rice 105 286
Soybeans 188 187
Soybean Oil 126 254
Soybean Meal 258 126
Wheat 109 283
Energy Crude Oil 261 131
Heating Oil 184 206
Gasoline 349 47
Metals Copper 274 95
Gold 228 129
Platinum 280 93
Palladium 284 79
Silver 154 205
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Table 6: Commodity Average Returns by Maturity (Dec. 1983-Jan 2017)
Industry Commodity Spot 2-month 4-month 6-month
Agriculture Cocoa -0.48% -0.31% -0.32% -0.25%
Coffee -0.57% -0.55% -0.51% -0.58%
Corn -0.63% -0.45% -0.39% -0.23%
Cotton -0.24% -0.14% -0.07% -0.18%
Feeder Cattle 0.24% 0.31% 0.25% 0.30%
Lean Hogs -0.24% 0.26% 0.20% 0.24%
Live Cattle 0.20% 0.17% 0.14% 0.13%
Lumber -0.81% -0.46% -0.34% -0.17%
Oats -0.55% -0.48% -0.37% -0.48%
Orange Juice -0.36% -0.34% -0.38% -0.42%
Rough Rice -0.75% -0.35% -0.10% -0.11%
Soybean Meal 0.54% 0.27% 0.24% 0.15%
Soybean Oil -0.36% -0.26% -0.19% -0.12%
Soybeans 0.03% 0.06% 0.05% 0.09%
Wheat -0.56% -0.31% -0.19% -0.13%
Energy Crude Oil 0.20% 0.35% 0.347% 0.354%
Heating Oil 0.67% 0.22% 0.27% NA
Gasoline 0.23% -0.18% -0.09% NA
Metals Copper 0.64% 0.60% 0.58% 0.50%
Gold -0.02% -0.11% -0.33% -0.10%
Platinum 0.03% 0.09% -0.17% -0.44%
Palladium 0.66% 0.62% 0.70% -0.79%
Silver -0.13% -0.26% -0.71% -0.46%
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Table 7: Average Commodity Basis by Maturity (Dec. 1983 - Jan. 2017)
Class Commodity 2-month 4-month 6-month
Agriculture Cocoa 1.29% 2.35% 3.42%
Coffee 1.43% 2.86% 4.18%
Corn 1.60% 2.65% 3.50%
Cotton 0.47% 0.77% 1.01%
Feeder Cattle -0.09% -0.37% -0.72%
Lean Hogs 0.47% -0.25% -0.93%
Live Cattle -0.09% -0.19% -0.23%
Lumber 1.57% 2.59% 3.26%
Oats 1.36% 2.50% 3.40%
Orange Juice 0.91% 1.81% 2.70%
Rough Rice 1.66% 2.71% 3.30%
Soybean Meal -0.77% -1.33% -1.49%
Soybean Oil 0.78% 1.24% 1.63%
Soybeans -0.26% -0.37% -0.41%
Wheat 1.23% 1.69% 2.15%
Metals Copper -0.57% -1.10% -1.64%
Gold 0.69% 1.32% 2.10%
Platinum 0.17% 0.58% 2.00%
Palladium 0.09% 0.39% 0.84%
Silver 0.90% 1.70% 3.09%
Energy Crude Oil -0.34% -0.77% -1.23%
Heating Oil -0.15% -0.40% NA
Gasoline 0.08% -0.039% NA
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